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Prase Testing Station for Microwave Anten.nas, Hspecially for Determining
the Radé.ation Gentsr of the Primry Emitter

by' Ja?kem Altel_‘ v

1. Purpeose of the Phase Testigg Sta,t‘.kgg

In building & mirror or leas a.ntenna, the moat heterogeneous types of
active emitters are used.. . Ope thing is copmon_ to all, however: that they do
not have a pumetiform sourge of. md;i,at:.on. ;On' the other hamnd, however, a
parabola or a cylindrical parabela hes: the charaecteristic of a focal point or
foeal line. Optimum reflegtion, cong.iticu are obtained only when the radia-
tion source is.a point or a uﬁe sourgé. exactly dn the focusing point or focal
1ine. If we are far emough sway ﬁ'om;a.n ‘omi ttex er en arbitrary geometrical
form, we can demonstrate that the arpgas of the same phase of the eleotromag~
netié radiation field are spherical, 'If that 'is 80, however, a mid-point of
thé sphere can de detemﬁ.ned backwards and.’ ‘degsignated as the radiation mid-
joint or radiation cemter. 'It. seems’. siquifﬁ.eant tq pl.ace the center in the
focusing point. Actually, ma.xinmm ‘gain is: obtaqu from a parabolic amtemma
when the radiation center of the pripary. em:ltterr g8 im the focusimg point of
the parabola. If the position ofithe:cemter is. Hot' known, a certain amowmt of
defocusing has to de done, which usually causes undesirable changes im the
entire radiation diagram.

The prodlem is especially imteresting when, for example, a horm emitter ds
used as a radiation source and the entire antemna is to be used mot only for
one frequency dbut for a larger freguency band. It dis then possidle to deter=
mine the radiation cemter with one of the frequency-depemdent shifts. It may
already be known theoretieallyl that with imcreasing frequency the cemter of
radiation shifts from the surface of the. aperture toward the inside of the
enitter if it is a horn emitter with a defimite pperture angle. It is thus
poseible to determine the area in whzlch the eenter o: radiation moves,

The reasom for the existence of the phaae testhg station ds to mske it
possible to determine the radiation center of any active (primary) emitter by
technical measurememts. Another possidility of its use is to record the phase
diegram. This shows the relatiomship of the phase of the radiatiom field to
the angle as measured toward the emitter axis. This causes phase angle shifts
in the E as well as the H plane, at least theoretiecally, between, for example,
the direction of the main beam and the directiom of a secordary beams In
practice we do not fimd a break there, but rather a continuous tramsition from
0 to 180 degrees. A facility such as this is deseribded in reference 2.

. S~E-C-R-E-T
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reeeivur aﬁtem

Senozr

The measurement is based on a phase pompard.son between the voltage that
i passes over the antemza field and the sonde; which ds tramsmitted to the in-
| strument leads,? If both amplitudes are’ the same and the phases are displaced
; by (illegidle), the receiver.does mot get.any yoltage and the imdicating im- -
strument remains on zero. If" digtance,; I, /is. ahanged, a new matching positiom,
x, i8 to be looked for om the instrument lead. /I Figure 1 it is inddcated o
that r is measured between the radiatien center of both a.ntennas, the positioms - k
of which are comsidered kmoyh,: . I.f the rec' ving aza.tenna is rotated omr a pivoet
by a definite angle, i : ‘ ‘r h TARZS. of measurement. does not re- !
msin constant because r ine re 2)

fi’hi"_ diffgrence, d, is deter-. o

Figure 2 S R L /

1, Axis of rotation.
2. Thase fromt,

If we make ¢ = R-r = 0, that is, Zg and the axis of rotation coincide, a
phase change on the basis of turming the receiving antenma is mat de be Ex=
pected as long as the phase remaims constant in a dial sector, for example,
within the main beam direction of the receiver antenna., If y is further in-
ereased, then secoa,dary rays are attaimed in the tramsition area. The phase
is then displaced by (illegible) without ¥ having changed. In this an impors-
ant assunption is to be recognized: The measurement may be comducted omly
within a dial seeter in which the phase is equal. Border areas are to be
avoided becausé the tramsitiom to secondary radiatiom does mot occur suddemly.
Under certain ei;‘eqmstmeea, the radiation diagrem is to be comsulted.

(One paragraﬁh ‘of the origimal here was illegible.)
2 ;
From this it may be assumed that vz 2 ? . (2.1)

is to be expeeted in every easeo This means that D is the greatest dimemsiom
of a radiating antenna (diagonal to the aperture surface, diameter of the
aperture surface; lemgth of ome of the dip&lel, etc,) The wavelemgth, X\, :
is that existing in free space, . \

P s

P

S-E=C-R-E-T
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I .
Fﬁ.gﬂie 2 ghould be comsulted whén caléﬁlating 9

If we use the law of c.Osinea On the truagle with the sides R, ? , ard
r+d,then "‘1;4 ; : C g !

(r+d)2=R +q -Zﬂ?cas\p

is obtained, and, in this. case, ? R—r ms,y be cp,lou:lated as :

der+t 8
? ‘ 4—003\.‘)

| ~* 8imce 4/R << 1 (d has the order of magnitnde of millimeters md' R, on the
other hzmd, of meﬁers), the fellomg apprdximation 13 sufficient:

ﬁ’

(2.3)
it may then -

(2.4)

‘?

Thé niihus sign appeared, therefere, because in an an'angement such es this
the cuatmcea r and d are ahertened by sv:mgmg the receiver antenna arourd Y.

‘?' ey L Zs:nkwm d o (2e5)

| Equation 2.3 should be rnrthtar dascusaed here beca.use the testing station
is built up as indieated in- F‘agu;-e 10 o

3 Testing and Eva.luatmn Methbds, 5. o

According to the prodnct (Equation 2,3), it is therefore sufficient to
rotate the receiver antenna, which, at the same tame, represents the one to
be Mvestigated, around angle Y toward the eonnects.ng—lme point of rotatdon,
~Zs, to'measure the proper displacement of the equalizing pq‘imt on instrument
lead d, in order to obtain the desired distance of the pomt of rotat!.on, ~ZRy
that is, R-r = . -

The problem dealing with error is of unusua!. mtereatt the absolute error,
A g , by which the result may vary on, the basis. of an error in measuring Yy
d, and R, For the sake of ﬂimplicé.ty, we presuppese that the errors Ay, Ad,
and AR are very small in comparison to their absolute magnitude and for that

reason can set the complete: difrerential dq & &Q as follows: , T
' 39 39 s : , '

Aq = 57 bd + v Aq: B .g_‘?. AR ; - (htk

In particular, with Equatien 2. 3, the fanowing a;s obtamed: o ;

, 3o . aemt¥rd-d_ aantdE _ R ()

P : 54 ., - (2 ot _l% + :'4_2\2. {254.12 lL +d12. o ed
‘ Cso _ —C‘ Zbi'tn'i- cc:*;qj _ .-A.Sln'lp . =F cl . ( ‘3) \j’\‘

ST T @‘?‘Z""ﬂ% I

NG

é"?, (’Z,am"H)— «\—-—)

(3;«0

s-E-caRfE-T‘ .
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The error AQcan, the:refore, be rep:esented by three error tunctions, Pl' ?2,
and F3, which deseribe each inﬂngmee of Ad, Ay, and AR, as followss

Aq F.8d-F dAtp 4 Fy AR (3.5)

D.iagram 1 includes the three error functiena as a fmct:ion of y and 4/R ae
the parameter. From this it may be seen’ that.a measurement below 4 .« 69 to
10° will cause very great errors. Therefore, an evaluation only above that

- angle is recommended., The’ greatest eontritution is made by the angle errors
therefore d eannot be too large. T’h:},s means that the point of rotation, Zp,
should not be set at too Jlarge a distance. Haturally, it should be large
enough to allow semsible displacements, d, to be read on the instrument lesd
(7 10 m). It is satisfactory, however, 'hen this d is rmh@d in comnection
'ith \" /> 6 -’ . i g

: ne aalution with. Eqmtion 2.5~presuyposes tha.t with &pa 0, Zg ia kept %
a line with the actual poin ef. rotatim, Zg. This cannot always. be the case
i&i}y a;’mw the exact pcsitm of Zg is not

. kuo-n. ) Smn dissymetzi
metrieal and electrieal

If 'e ovcaai&er the fmg&im : whzch x repwwmts the plsee of saw
;] 5 ob {mr example, a diagram 1ike Figure 3.
wrE W ‘Rather we'should sfatt with
X( p), determine ., and the Bem;tha evalmﬁma Since the determinstion
of v, , however, depends om’ the reliable deternination of the miximem of
maié\ﬂw it is mbably assim e to b@ awe to calculate the difference

&& A‘P ‘Ee‘ ws‘h

It is therefore foolish to.

A o Hdagrem 1
: MW Mmas & Pumetion of .

- a5

&;_ Earapeter: % = 4 m”'i RB» ﬂ@’f 5 ff@"f 4.5
AQ=Fy Ad - Fy.d. By + FpAR

- Id‘ g '
RE e T Ly

F fBﬂl"‘
2= [z sind ﬂl.rz))z

=

- 2 st 3
i @'ﬁ"z‘%"bﬂ»&
e 2ok & /a>/'0:z_/5V/Z='7""W@
|
- S--L-R-E-T
| A
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Fdgure 3 .
‘ /
4
d
ad -
Y; y' "?’-v Y Y k'

This desire is only pa.rt!y real:lza.ble becaunse, in erder to determine the angle, .
& paint of . departure or” referenee ‘point is certain needed, But this method
does have .an a.dvmtage, in:that Ad can be determined with a smaller ‘error

than 4, beea.nse even the heaght of -the ma.ximun cannot be. read so well.

Let us now brﬁ.eﬂy derive for Ad and Ye q),, the equation for Q. ‘There-
fore, with Bquation 2.3, d2 - dﬁ. + Ad is axpreased, as fe!.lows:

dy + Aa L (3-.53.)
? = ZSMZﬁP_!- ‘.,; du—Ad L \

¥

‘If we convert Eque.t:l.on 2.3 f@r \|§1 z-md. dz{ aftpr dl we ebt&in

d4=1 ? 2 :Bmz .H)._ “ E (335\3’)
ItE ] is included in the npper equatien, 3.5a, then we obtain ‘
Ad ' S ,
» . £3.6)
Cl?:-. z(sinzﬂ’_ sin% LPA_\)-\I-A?% . o

""AB we can see, Bquatién 2.3 could also have beon interpreted as a speeial
application of Equa.tien 5.6 with 1.p4 = 03 then again dnstead of obtaé.ning enly
_d.2 we got Ad.

. The avaluatd.on pmeesa now proeeeda as follows: Either Figure } is evalu—

ated as indicated, i.e.; determine vy, and Y, eorresponding to Y, and. Y and -

obtain the real angle which is to be inserted in Equa.tion 3.6 from .
J’_ZLAP_ Wa : ' (1)

or oomply with a measuring method that is less tine-eonamning. Since the en-

tire curve is not necessary in evaluating Equa.tion 3 6, the small dial sectors
may be excluded, and proceed as fellows:

o PO Focuaing on an arbitrary y and balancing on the i.natrument 1eaés.

2. Keep the bala.nee point on the instrument leads and tilt the. antenna te
=y The same angular value cannot be found, but one thét varies from
‘s The actual angle is then 4+ (. + y')s This process may be re=
‘peated for various angleg, - In this way the symmetry a.xis is obtainem

' instrnment leads an
i.‘find darectly the Ad

3« Singe another balaneing pe;(;nb‘ ayv be ¢ ‘
connection with other  , it ig now. posaibl&
between two and to° paplqulate <‘> y \Eqna‘tmm 3464

| - . V\ZS-iE-C’-R—E-T :

B
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s Finaily, the érror calcuiation that belongs 'ﬁo Eq, :tion 3.6 should show
" what is- still 30 be eensidered., If thé entirg é,i.fferentiaﬂ. is 4gain forméd,
the following equation is obtamed as érrér functiépa analogous to: Eq_ua.tien 3¢5«

W 2 ) ‘ ‘ '
. zco.nz 2 s'.nz f) — ,, (5.aa) )
[Zgam = - Sin _f) t —%] =
F{L = 2 Yo S\Uz —Sir\ Py 8‘*’1 . (B.Bb)
, R, AR W Ad]R.
Gt % - st 4 A5
A
F (44)" . i —— (3.80)
[ZCSIn 9;—2" ; t ] /
v‘ and the ‘enti-re error is expressed as: “'
do = Fy 8(Ad) - FpAd + F3 &R (3.9)
Sin% % = sin® l{;.z ‘.__ks‘mz Y- (3?10)

-2

The funhetion Fy and Fz may agam be taken from Diagram 1 if, instead of Y,
an angle is taken from (illegible). The equivalent angle, ¢, is to be taken
_from Diagram 2, Equation 3.10 is a trigonometric equation if it is converted
according to 2% ZZ o For that reason the recalculation was easily accom-
plished, Here again we can say that @ > 6° in order to keep Fy and F; small,
A special disecussion was required for Fp, because now both angles' y, gnd Ya
can be affected with errors ‘P1 and 8¢, o Even though'it.could be assumed
that the values are equal, it is still not clear whether the error components
are equidirectional or contradirectional, becanse in connection with the .same
direction the total error is considerably smaller than in the case of the ‘oppo-
site direction. This deeision ecan be magde anly when the variation in tést re-
sults is taken into consideratlono

A third gve.luaticn method should now be d:.scussed. If the basic Equatien
2,3 is ;-earra.nged accorc}ing to d, we finally obta.:m the following: '

d ] ®x_) Ao | |
Lain® _qi = —R{ 1) ‘ 2o W T eenst. = Co (3,11) y
) ' N 2 i v

=B (r-r)
= —R_. o -
: B S :

Now it ds neeeaeary only to. determine ¢ for. the various d amL the associated Y
values, If d is converted to -.li s it is then pessiblé to carry out a good

-~graphie representation and calculate ¢ from that curve., The point of rotatien
interval, ZE, sough’c for is then expressed as follows:

R e e 0a)

In the g'raphm representation the speeiﬁc R va.lues ‘must be inserted, first
on aceount of the 4 values tha‘c originate from the various repeated measure-
ments, From that we o]a'aain, to begin with, a eluster of test points., The

eenter of the point. clustez‘ i$ 4the. mean value soiught. . The curve through the

. -~ ocenter is then the d(w) function, whleh is to:be used in Equation 3. 11, C It is
- certain that we obtain o B i o

C = C ¥ AC_ R o 43“.. o : ’:I‘: H PR (3‘125)
. S R et ST e e MORRIRY

R AN

5-E-G-R-E-T

s .
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Diagram 2
‘ sinlé,_q‘f_,.,.yéinz-?f-‘ -.-'5'."2‘1‘21,-..' 'v .
VA e
I
; v

i.e.,, a constant that i8 ob a.ined, from. the mean value of d (14») function and
the mean deviation in tomparison’to co We will 1eam about the many applica-
tions of this method in the ca.ptar on the evaluatiap of the test results.
Exeept for the error Ac -« the dash should  be omitted -- we must still deal
with & ‘AR error. The complete differential to EQuatsion 3,12 is- expreaaed
as follows:. : . v

Aq b_ﬁ_) A‘R+<ER\) ac

_, (‘P AR + Gy_)z ac

c-q"f""f'ﬁ ? AC ki e % 1
Crim SRR T RGBT L 3. 5) |
The three styles are, eaused by taking Equatien 2 12 zmte cenaideration. We
can- see that .the error AR has an infinitesimally small part din: qemparisen

with Ac, smce, “of eourse, Q<<R(L = 1/1), but: 1t will be” Q= Coowi

' Obviously the sa.me method can also be used in the measurement of difrer-
ences, i.e.; with Ad and two a.c;companyins angles, 194 a.nd. qlzo' Then the con-
stant is expressed as:e o e B )

¢ = = A S "
-g(sinz.?ze: i 9_) Z o 1 (3:24)

Thus é.t is possibie te piat d (1\;) or ca.rry out the above representatien and
also to work .’Lt, Equat;,.n‘ 3 13 is, naturslly, considered an error function.

§<E-C-R-B-T
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grees,

- first of 5.11, measured th point

} Powevez;, is uxmertain by K

(Bee Ei

“50X1-HUM -

?*E“'ic*ﬁ’rii"f?

T 410

In this way we have jqined a relatiuely f,‘ast test g method with a good ‘
evaluation process. We mll alsq gee. that, propert'es such as these are im-
portant in order to armv rrect: resu;.t logically, ioeo, to keep the
probable dispersion AQ possibleo Lo L i

: it , ,
‘ regard 4o the magz:itude of Ad or & (A d) ‘
AR or SR. q,nd A"I’ 5\94 d Lg ‘We can.assyme, that by careful measure-:

mants the d error am unts -0"49 1 0, Q 2 mlllimgtem :

) A,:#Gipated, but a great

) thg resplta m" ha,pter To - The sign of -
'a.n,g}e erxer ma estimated as, 0,1 de-
readins ez'z:pra % '

Th;s ya.lue is 'd

The range error is.

$i4 .
¥ tenrn i (qu emtt‘er), since ot course

nte S ; > Ifweknewwhat it
ura.lly the erroz; is’ smallero ,.0n, the gther hand, the mﬂuence of
A R or bR-is .go'small in compamson with the: other, that o, .error in measure-»’

. ment of several eqntimeters really does.not matters i {Thus, "R 18 measured too
4 smau, “and for- that reason. AB is: a.lwa.ya plotte

a8 ;positive, because Rmeasure d;

i

Match:mg the sonde _ (sa
Y e placag ioeop Where‘ VA

¢, .quenched. 1_ That . ‘Place,
i, qr."after-.ev_ery wavelength
idse; zIn other words, if.is"

-3 matchrlng is again possib !
0] ha} of the bridge bra.nchj

Hot de’cermlned by K o N
e 1) “in compa.rison +0 the othe >

in which?, g =.»Y=The eomal cable length (Index 1 for the mstrument lead
Lot ands ]'.ndex 2 for the sonde) )
Lengbh of the hollow waveguigle., B

. :\“ : Tse s

. Length of the mstrument 1eads (— r)

- Length of the mstrument 1eads fnom input te the sonde, .'

s
=
u

|

. Relative dlelectrlc eensta.nt of the cable dielectriesm E

3
u

Ay = Wavelength in the tubular conductora

M:mﬁnmm iengths of the' typeax oﬂ waveiengtha used on- the. ¢
tubula.r eonduetoro ' ;

>
o
u

F&'ee-apaee wavplengthsa ‘

.

‘ 2_‘? = A;l lcnown phase sh fts, eogo, the antenna, crossings, aonde,
etes - : o .

| S-E-C-R-E-T

L

S

-
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Equation 4.1 naturally refers espeeially to the ¢onstruction according to
Figure 1. In reference 3, this: investigation was conducted in & more general
way. Here, however, a‘'deyigh inptmctﬂ_, - on cable .length should be published
1ediately for the testing stat:mnr, which ull then be used in Chapter 8.

Equation 4.1 is mu!.td.phed b:r —-2_—,-?, a.nd the following is obtained.z

k)\- ‘P «Qa”- +4Ql$r +.D. _f‘KZ ‘— }'H l:H + Z? ' (4_.2) /
Row, singce ,\“,'Jq (\ ) ziﬁ valid Ior the tubular cablg, Equation 4.2 becomesl
K)\o + p,a_jr‘{’ Q + 8)" (a K Qk&) ’\J{ ()\o ) ﬁ““‘ Zﬁu = ——_ - (405)

In Equation 4.3, a new 1engl:h, 1 haa been introd,ucsd, de€ey the cerrespopa-
ing unknown phase shifts of the electralcal lengths .For the purpose of sim-
plicity, it is assumed that 1, # £ (X, )o If then wavelgngth XA varies by .
A Xs , on the basis of generator oacallations, the result ds'a shift in

of the matching place on_the instrument leads, : Lex}gth o /2 on the left side
of Equation 4.3 does not: change beca,use it only cha,ractemzes the phasé dif-
ference bétween the two. voltages on. the mstrument lpads., 'l‘he fallbwing is
therefore obtaineds:

| N
i<‘>~c+‘1<A}~°i+Jl +Q +<&-.~(1L,< Jlk d(— A° A) leZflu aAﬂ
' : (4 4) .

First of‘e.li, the root expfessioh in Equation 4 4 spouid be ;:ha.nged somewh‘a'b
an follova:

/ ,\(4 QHAN J1_Q )ﬁ(“zm\oyi_:‘- g j
! ‘9“ . ('é'“) j L ()
(Rt gtxqﬂ

Ir thla result is intreduced into Equa.tion 4.3, we obtains

KANe ]LH Al _L_\'ﬁé_’l__, = AL ' . (4:5)

Oy

If X and 1H are dimensioned in such a way\‘ that .

P Mm_«l___ (46)

a small cha,nge in wavelength does not cause'a change in the position of the
point of matching. That a displacement, Al -, really occurs is based on “the
assumption 1y = £ (No)s Nevertheless, a reference value is obtained by the i
above dimensioning equations at least to be able to approximate the mindimum i
of the frequency relationship. According to.a small conversion, therefore, .
the following holds trues : ‘ ' : o .

(4.6a)

Details in evaluating #tiation 4.6 are ‘treated in Gﬁaﬁﬁ;_er 8.

S-E-C-R-E-T
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5. The Influence of q;_ggd Rerieétigg . |
;o In order to be able to' bkerre 1:]!19= most adverag case, it is assumed that /

the radiation diagrams' of both a.ntenna,s are so. broad that the earth is radi-
ated directly just as mucho LI a.ddi'pien, for the sake. of simplicity and also
“to be able te single out ‘the- ‘most! adverue'c&se, it is asdumed that the same
ideal earth is dealt witho_ Under thse assumptisns, the foliowing holds true
for vertical pola,rization. G i :

(I s 1- &m r)

‘\ Ev = IEd,\r'\ 2““5 (—_ 5)6 I _l . . ‘. 65—'1)

and for horizontal palarizatiop- ’ .
z s+&—r\ ‘ L
Fu=|Ea] 2on (B9 e SRR G2

as the receivmg field strengtha when 8 mdicatea the traveling differenee
between the rays that run directly g.nd through the ground. lEdir‘ in both cases -
is the amount of the field atrength that ta.kep place directly.

Figure 4

Fransmitter - Receiver

‘I :

B

b r

From Figure 4 we can conclude that:

‘5:1‘(@54-}' 'ﬁ';)z -1) (5.3).

Without mentioning the fact that with a variable r the amplitude of the re-
: ceiving.field sirength can vary a great deal, the phase position between the
e direct and the refle¢ted ray also changes the field sitrength that enters the
- receiver, by means of interference., If, therefore, r is changed by r = d,
with Equation 5.3 we obtain: - :

S+AS = JGred)* v (W% -r-d - (5.3a)

and then d <<, we can write

54 AS =r(Aj4+C"H *'Zd "4"“ (5.3)

and -
A(\SH—(“}’““1) - T (54)

is obtained, Likms% the same phase angle ﬁs in Equa,twn 5.1 and- 5,2 with

‘2 ‘ S - (54
and when the antennas are shifted taward each other; it becemes
<P+A<P_ I (5+As)+-2—“'-(r+-d) S (5e4b)--

U whe

':%S"'E{-r‘f“ ‘T (AS_._A)

‘S-E—C-R-E-T;Tw=~“ 3

| ~ .
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i.€0, AP = %—E (As + d) S : (5.5
From Equation 5. 5 we can see that a.ngle erro: ) (A@) only results from
as ‘follows: o \ ‘
S(a9) - a3 F | (5:58)

or with Equation 504

schn - (W ‘) | " (5:5%)

vSmce, however, W’ﬂ 1 , we finally obtain

VCA¢)==74(4-W)—) | . (5.67

When d increases, or, ‘expressed differently, when ‘the angle of twist, y ,
1noreases, angle error increases preportmnateiy to d a8 long as d << r. It
18 -always negative, ioeo, & displacement that is measured too sma.ll on the
.instrument leads. -

It isHE=1.5m and r =8 x‘n,:'so,_tha.t Lo ) _ o ‘
* . L 5 B 13._’1 o L o X
J(A CP): ——i,d' 0-064" e . (_50,68)

or the error measurement amounts to 2. -d ¢ 0.032; in connection with d = 10
millimeters it is always -0,32 millimeters. Since this errar is too great,
arrangements must be made to reduce it. Tvo possibﬁ.lities ‘were investigated
and considered uaableo : :

The first possibility consista in the use of a reflector being plaeed in
the area where the waves strike the earth. The reflector emits the energy to
the side and upwa.rd at a steep angle (see Figure 5)0

Figure 5

Receiver ‘ tre.n,s_mittgr .

The second possibility cohsists in reflecting the incoming energy by dif-
fusion, i.e,, dispersion. For that reason the earth shouid not be ﬂat but
rather should have elevations which are

P
h [T es.n
high, The angle ¢ is the angle of ingidence of the wave to the earth., Bqua-

tion 5.7 is taken from reference 4 and corresponds to the Rayleigh criterion
for diffuse reflections. .

:In Figure 6 it is shown that a field with such elevations of mdd wés set
ups The mud mounds are about seven to eight centimeters high, havé a diameter

of about six centimeters, and are about 10 centimeters aparts °All the measure- .
ments were made with this arrangement. - o : ‘

S~E-C-R-E~T
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Redeiver Transmitter

Figure 6

6, The Functional Relatibns_hip of Temperature to_the Testing Statien.

On the basis of various temperature rises of the cable because of the
radiation of the sun or the variaple temperature of the air, it could be de-
termined that the matching’ point varied. .. The. ‘correlation with the radiatién
of the sun was a great deal higher than in.the case of the air temperature,
The following two conclusions were drawn fz-om that:

a, A fast heat exchange. of the rad{ated. eable is. to be equalized by
means of a heat-insulating cover . :

be Sleow temperature chenges, e.g., constant heating during the morning
hours, cannot be prevented because the temperature balance of the
cable cannot be hindered over a long period of time. At least it is
not possible with ordinery materials.

At this point, only the results that were attained should be reported.
The coaxial cable that was exposed to the radiation of the sun wap surrounded
by wadding, and the whole thing was wrapped in foil and painted white. Cables
that did not have to be right on the ground were buried underground, e.g:,. the
~ tybular duot and a séetion of the antenna ecable from the receiving antenna to
the instrument leads. Diagram 3 shows the results of the last control measure-
ment. Three thermometers were used for it. The first one was packed 4n the
samé blue artificial material which was used as the outer protective covering
of the coaxial eable and then was placed in the sun. The seeond thermometer
was wrapped in ¢otton and foil, painted white, and also placed in the direct
rays of the sun, The third thermometer was left in the shade without any
covering, All three thermometers were suspended 1.5 meters above gromnd. In
that may it was possible to imitate the cable bemperature process without
hhving all the.precautions (blue cable) and covering (white cable),

The eomparison of the three temperature variations with the position of
the matching area is then of interest. From Diagram 3 it may be seen that the
air temperature and the cable temperature are about the same. Naturaily, the °
higher heat-absorption capacity of the jacket is obvious, because the eable
temperature increased from 22,7 to 24.8 degrees, whereas the temperature of
the air remained about one degree below that. Furthermere, the variations of
the wrapped eable were less affected by the great changes of the sun (blue
eeble) than by the air., While the cable temperature increased by about two

| degrees, the matching point on the instrument leads changed by about two mil-
limeters, From Diagram 3 it may be seen that there is a good short-time :
.stability, As already described, the long-duration stability could not be
improved any more. For that reason it, is important to hold the testing time
&8 short as possible or to select weather when the temperature will not vary
a great deal for a long time, i.e., @ither when the sky is elear’ or when the
eloud cover is um.for;no In that respect the second type is even more {avor—
adble because in the moming the time when the temperature steadlly r:tsgs is

V
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ust fd.nd & tiqe for measurements during -
which the temperature on averagé mains rather constants A4 thermometer
may be placed in the shade o ‘check: the air. temperature or the vanations. )
If the weather is such that. the_cioud cover chenges ra.pidly, the mea.aurements
are not disturbed by the Qast cha.ngeé dnthe sunllight. Itids possible, never-
theless, for a change to-pecuriin: the meaa in .point bqéauae 6f the continu-
ous increase in cable temp 1 ;es, a oorrespond-
ing check must be made bef
duration atabﬁlity» '

1. Balancisg ares/miiltnsters.
‘335' 2. Air f‘-ésrie‘evfs _jéent_ime; .
R 3. mﬁg cable.
[ \ k. Blue céblé:g'."
124 o

g -2
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'7,- The ’.[nfluence of Miamatchinsr on the Inatrument Leada

- Reference 3 deserlbed how mismatching, partlcula.rly of the reeeived ane

" tenmna, affects the test results, on'ithe instrument leads, It is not shown,.
however, how great the effect can be and what errors are produced when, for
example, m = 0.95. In the following we would like to pursue the calculat'ion .
along general lines and particularly to discuss the results; v

SRR gm."e 7 ~ Ry 3 .
. ) Rains

z=1 ) o z

First, we revert to the. tranamiséion aqué.tio;"s
. SR . - .
'mCz) = ‘u-n e'T}‘ +u\" e T : ' (»'Zol)* L
Tioy = Fne = Fre ™ T (1)
‘and maintain that v o ' o

is the wave resistance of the line in Figure 7 and

'UL,, ‘}n v o'k
~is the reﬂeotion factor when z = 0, In addition, when z = 0, frem Iﬂquu.tions
74 and - T2 it ds

‘ ' -U(, ULn"Ulr_ A+ B D
| . & ?h ‘ ?,r -a 1 - o s ‘7-'5)

‘or the reﬂeetion rac,tor as in Equation 7.4 a}s expressed as

.I! the somewhat tedious caleculation is made with the help of Equations Tol to
_7 7, Wwe obtain two possibilities of Solution which should be of additicmal -

i . S

4{ - Z - ’Ea - %/ 7 . . ) .
B B +1 Ro+ H 6*
Ana.logously we de?me a reflection factor at 1;he beginning of a 1ine, ;l.eo,-

when z = 1, as .
Re-% X -1
‘Lg = : : . CoLr o] \ _
cETE R : R
: Voltage U, may then be caleuiated as ' .

W, = 'UZ{‘ﬂ-é) + (}(z«be) A ' G’T—.'}a—)—

‘ interest: o ‘ _ )
: Uy e T (1450 [i-ss, e o] ey
) | 'Ul. ’Ulrg?‘ 64--‘&)[7 _ 23=e,J S ) (7—,9)— .

voltage is known, then the incoming ( U, ) and retuming (’Ulr ) may bq. B
3 gd as fel:{ows from Equa.tmna 7.8 and 7.9: g

5-E~C-R-E~7
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" . ‘
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W, o Yo ¥ FT° ey ' Em
R LR - G S ) {712}
The voltage at resistor Rg may now aimply be’ determined from Equation 7.10
and 7.1l, which, of course, is o ) _
| Vo= Wereor 2 Un*t B ;' . f%“”‘
Fzmally we obtain the follew;ing by subsituting and: converting: " v
T ’Ulg% T Cie 47_.;2}

T Re% {-sHee-?T"
Now the voltage distribution ylong 2 can also be detemined.‘ With Equatu.ons
701, To4y and 710 we obtain: L .

U, % 71 \ or® -y .

(¢ ; o : 7«.}}
(R - 5)(4 Ao‘/.:" e-”‘)'( +re ) (123}
We ocan see that U )y in’ rererence $0 . the distributien fmctian along the
line, is influenced ‘only by 4 . 'The mismatching at thé dhput (z = 1) of the
line finally is ‘taken up by the" amplitude (aomplex amplitude) It the El.zlne
0 Zz % 1 48 an dnstrument. 1ead, then the fonowmg is valdds

reip S O aaw

m (z_) =

'%-Z” L o . . (74}.5)-.
in which N represents the wavelength of the line, in connection with a eoa.x- .

18l instrument lesd M=, = —_cf,- » and with a tubular conductor iqstrument
lead it is expressed as '

e | e

- If we mtroduce

- ap = redt ag, e eI (7»1}_&)
then | | | o
V- ke S2P T Crr® —2rrecon g &Y (7.24)

with o ' ' ' R
Prrpirgr g (72157
1|J = aretan 111:_—:?5:% ’ (_'Z,ié)

Equation 7,13 is then expre?szd a? :
o UWeZ _oBE-Y ye= -ip ()
Wees = ﬁ{az {1+ Crrd® - 277 COSCP<G rade ) (Jhi?_)_
"It ds analogous to

_J(ﬁﬁ )
(}(l) ﬂe'*z. N1+ ('r'fz)’ Zrrecosq

(é:IPZ<__‘Me‘__)(?>z) | ) mm

To Equatian T.17 4t should be added that the complex amplituge of Ulez)is
not only dnfluenged by the anput resista.née, which we now very ¢ ea.riy under-
stand, but also by the 1eug'bh of the ‘hne -be g.use q) -?(b) This function d;s_g-
appears, especially when re = 0o Ce
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~Tol. The Active Sogde.,

Here we should underata.nd that, with the help of & sonde, an ad.ditionni
voltage of an arbitrary amount and phase is connected with the instrument -
leads, 4s a prerequisite, 1t 49 hssumed that the resisiance of the sonde,.
considered in regard to the insirument®leads, should be much greater than Ryy

"Ry, and Z. In Figure 8 it is again showmn how the arrangement is to be under-’
stood. 'The purpose of the calculation, then, is to determineq, = f(g
‘According to the superheterodyne principle, the voltage is calculate without

Figure 8.

Re T Rs

Zsl 2*9 Zs0

’Ul o 8fterwards U, without We. Both voltages are added at the end gnd
ymld 1{,4(5).,

'

Figure 9 ' ‘ Figure 10

Uaggy = Wa+UWa, ékl9—)~ - -
| The caleylation procedure is again illustrdted in Figures 9 and 10, We '
transform Ry a.eeording to 2 = 5 and with Equations 7:17 and 7.18 we obtain

+ § tan Bz (720} -

‘R(z) Z ‘L‘Ra tan @z + 4
L
ahd, ‘bherefore, with z = 8,
_ Ra 4an 3 o -
, +3. tan Bs ;
Re = Z-= ' ~ : {7-2%) .
: . J‘E;:— {'anﬂg-{»‘f- ) : S
| ;" SE-CoR-E-T

n -+
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Resistor R, should be connected parallel to Rg (Figure 9b). If we as- -

" sume that Ry = z, in order %o be able to. decouple sufficient energy at the .
output of the conductor, then our assumption Ry >” Re, i.€., also Bs >> Ra,
remains significants, If, on the other hand, the instrument leads at the out-
put are operated nearly at idling or short circuit, there isa danger that at
position f3, = f’z or odd—numbered multiples of R', become very large, We con-

sider our asaumpticm vé,lid, h‘ y vever, gnd aaaume tha'p

Ra 1 - Rs .E IR o ( ,
Ka, + —Rs = : . : (?"21&)
.Then at poaz}ion z =& we obtain (correupondmg to Fjrgure 90) »
R = Ra_ o l . (_&.‘ZIb)
\ !
“and, coneequantly, a reflection fsctor
' My & M’e"’ (55 (‘7’9210) H
If A, is inserted in Equatian 7 15, then w:.th ' J@ as can be expected, we
Eobtain .
: . R 5B 14 ' ~ _
’Ula..( e~ b = “Peti (‘7;252')‘

. ) Retl 1= 1o e”d e
This result could also have been read immediately under the conditions stipu-
lated for R )+ Here, in parti-onla.r,- it should be shown how the calculation

process goess , ' '

E In conformity with Figiire 10by- %e now transform R, according to 2 = = 8y ‘and
'.with Equation 7.20-we: oBta.m the following:
’ -Rz +- J Uuh [5.0. s
-~

' B ..
Re' = 252 B (7.23)
Acoording to the two.pole theory
R,! -Rg ' .
Ros RS .~ - (Tezzmy

and. what was said about R above again holds true, so that Rzm}i cqn be
setéled, ‘Voltage Ul, is obtained from

T N

Ry + Ro! Rs

From Equa.tion 7.12 we now obt&in ‘ : . S
L UMoZ  e-iPs (14 ) ! ‘ .
B U, ™ R +Z 4 “RUee ’J"(bs (74248

-in whioh, 4o ¥ € dzf"’““)

With Equatlon Tol4 l.t is expx_‘Eessed as follows:
2 - Rl e3P (1448)
,Ul ng ;E-'b -'ER"' +1 4 M e e JZ-,BI, ) (T-—Zlb)

g a.fter several transformations, we receive

+1
. P in B (2- N cos B(1-5) (Te¥e)
and finally R 41  (1+E2) ¢ p(2-9) :

2 o-Bl _Aew 00) i @ 9 (128

UZM_ = ’Uls ? ‘ & - :1,;—_;#-" o jﬁl((?os_ﬁw-dﬂ ZS‘"F)(:Q“' -") (7 .

RO | |
S-B-C-R-E-T !
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The total voltage is obtained from Equa.tmns 7-.22 and 7. 15 in a.ddition to |
Equation To 26 _
W = UeZ e IBL (fr [ "
e = ReZ 1-1&1& e 0EPL We K,

Cccmﬁ(ll 5)+J - 5::1‘5[1—5):] (7026-)-

'Wherea.s ‘the factor in fror;t of the bra.cket determmes only the pos1tion of .
- the’ amphtude and phase, ‘the . exprgssian swithin the. ‘brackets shows the func-
: .tion of 3, i.60y4 tha position of:the. §andes.

'_]-.,12‘, Specia.l Uge of the', Pha.se Testmg Statlonu

We should like to L higa e*'term in the parentheses alone in Equa-.
tion 7.26. In so. do:mg, we'proceed;: from an arbitrary hypothesis, which," §10w-

: ever, - only ms:u.gnificantly restricts the: valldlty of - the viewpoints folloyingo
e For that reason the question ‘desls. with ithe. distributaon of power on tbe
measuring section, and the sonde’ seet%on is to be considered as-phase free

and absolutely frequency constant (see Figure. 1) In addition, we again main-
tain the following: W, and-R are found &t the input of the instrument leads,
U o and Ry are values of.:th onde, R and vla(,) are given by the receiver
- ¢onnection with the output of the instrument leads, .

—_

Uy
.For the ra.tlo U, e we write ghe following:
u jz5bt 4 . ' .
g < wettTE s weleE | < (ro27)

. in which Al is meant to be a difference in length eorrespondmg to Equatien
4;4; That means thatia frequency change and a phase ¢ 189,876 . both connected -
-with™it, 'and this is attributed to an error in dimensi ning the cabling:’ If,

. ftherefore, the’ dlstnbutlon of power is not phase free:and, fddition, fre-
quency dependent, then. this ‘part . should be included w:.th 26 £k

N Since R ; should be very large, the sonde must bé looselg( connected. This
reslsta.nce may be represented by a cap&clty as follows:

‘Ra

o

~qedt : . ' (n2s)
.The input resistors, o ha.*;e, first of all,van’ arb-;i.ti‘-a.ry Position and‘ si‘zﬁ,
.80 that_,v,u_ { : ‘ 5 -
. R o | ' (7429)
‘ introdu'e_éd_o I-f this is reduced to a lowe'r term in tyg- futpi;, to "
“ ug = M | L @)
then the term in the parentheses. is expressed as . :
KEdm cos B(-s) e —”’)+Mf<smBCf 9esle ® : (7 s31)

-For. various M ahd M - R, the ellipsoids which result for K =1(bu <) are 1ncluded
in Figure 11. K, however, is not of interest for the ini’ormation, ‘but rather
}|K| , and in view of that, again, the ‘sharpness of the minmum i order to

B

'_'_obta.m the, most sensitive recordmg (zero-point equalizatxon) :

It ca.n : seen from Figure 111 t\M anp MR(l, whlch oorreépond;s to
on. If we follow up the' vajue of K for
e.t, ’n}:;n;mg A:mp;;ear,,f Cutves 3 and' 4,

For that purpose, it ia

curve 2 we\can confirm the\ fa.c ;
which plamly\show the: zero po:. 1tg
™ . Z

| EpRE

Tt

- *
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|
|
\
' o2
]

o4
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/

/g,

‘A %%,
16 ’:
: od
Cugve L MR S W
K= f(pcl s1) AL T, i. o8 |o6 |32°| 20°
jlw -7 2 lo.s |we [32°] 20°
| K= 14 meos pU2- -s)e’ AQ) 3 los |1 |0 ] 0
(P+w & 4

+ MR a.n(é(ﬁ ) e
£ (5‘4- s) £ 260° ; ‘~ -,

required to keep Q@ = w%} = 0. We need to think of the instrument leads as
Iengthened only to the extent that Ry is real. Calculated from that point,
however, ¢ = 0 and 1, naturally, is greater. 'In curves 1l and 2, both axes M
and M« R are perpendicular, one on top of the other; i..eo, the main kxes
represent the elhpseso

.If, then, both antennas are moved toward each other by Ar= —A1, then
= 0, ic€ey ellipses are obtained which are symmetrical to the real axis,

=

A
wF

§=B~C-R-B-T
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© If-we picture curve 2 as bemg turmed in such a wa.y that it ia symmetrical to _
~the real axis, then we can see still more elearly that ‘ K\ passes through two

minima, and thls time fhey are even symmetricalo

- Now we ask .the quest;on' How does the position e *zeref” ’ba.#nce shifs B}

on the irstrument leads as a function of the chang ) Zez‘wgl of the an- -
tennas?, If it is sufficient to add S:f- " to ph w_,- » .then, in con- -

. nection with a fixed phase position == €.g.j Z8L equalizing ~- between ’UL and
W, 5 & magnitude of AS 'ecould be determin ! 8-t0 say,. for gx:'a'mple, by -

.u;"shifting the sonde, the old phase conditiozr’ w%;again restoredo . i

| : In erder to investigate thia ma.tter and te ans'er the question, ve. look
| for. the extreme values of! K\ o" With Equation 7 51, it is. e
o . ) Kl_»ﬁ 4, m cos® y + 4rM’~'R’L sin* ;’J m"rzsln y sinQr (‘;;52);.
. ) +2,Mcos.p51nw———+2.MRaos(¢?+w-——)5mtp
‘ < A‘ Al . A: P PR s 2SR RN . - ) - T
-y wETwETYE , R
and . . B A -
qj ﬁ ( Q-B) AT(Q 5) . X . (70321))
.- The’ firat differential equation is uet at zero, and in this way we ebtain 3—-:—': _ o
)

L
-:alnlizs.n Wc +'Rcoslp c.aSCQ+wA

Equation 731 now had to be solved aecording to . If everything converted:

36 o8 Y, we: -obtain.an equation of the fourth order for cos Y which cannot

be ‘sblved closed, A simplification of the expression, Equat:lon 33, is ob~
tained by ? = 0o At this point 1l = 8 = 0, and in the new style it is ex-
pressed as l-8+A8= A8, io.64y "l’ @As o Instead of A1y we nmst write
A1} 5 and then it amounts to AL = Ar+A1. '

Equation 7 33 therefore obta:ms the fallowmg form: )
: aY
0= mmy smql(’l(z 1) - sin cl)smw-—+1cosw) Cos w G (7_54)
c
- This'equation has as yet not been solved closed, for o For R—> 1, i,e,, m"'
1, or the new source of supply, % {5 the first term goes teward zero

and, eonséquéntly, only slightly intc the final result. We iried an a.pprex- ' -

. 0-= M cos P sin x{) ('Kz- 1) + MR.sin ? - Z,ME 2in ? 605 1\) - (T935
| T imate solution with

L AL . '
‘slh Y §ln w & = Reos w—E"CDS g ' . (7.,}5)

-L'anul) Rco‘twé—‘:

Yy - AQ + W - K% Z ' _ ‘ C'ﬁﬁﬁ)

| . . )
. For R= 1, ioec!9 100 percent matching, we obtain
 with K = 1, 3, 5 Ty etge; oF.

Bse AL +Ar—K—'>b T (7‘553?

The reault shows that with Rr= 1 there is cdmplete synchronizatio,n 'behebn
Ar and As., As soon as R ;l 1,! this 18 no, longer. the case. Nevertheless, our - -
calculation shows that the: result is independent of Mo That means for K (see

- fg,cngfzmw
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Figure 11) the circle is ‘about the va,lue 1. There we introduce curve 2 by
R=1, ic6s; M= MR = 0.8, and then onezcould. also omit Q and obtain a circle,
With M = 1, of course, we obtain a zero balance, but not with M <1. Then we
wanted to allow & small miamatching and to calculate the maximum error which is
opposite to R = 1 with re@.rd to Ass If we say X -wA—-"‘, then Equation 7.35 is
-wr:l.tten (see also Figure 12)° ‘ass .

*ah B = = R tan <1‘ ‘X) v : . - o . (—7~°36)-
and jt'hg -errpg' thn.t is aought. is . oo T . :
N A
ioQ,o, » . h . o ' . ( . .
. N =-are tan R tan (15: —x)j - (%:r- x) ('Lﬁﬁh)» .
-
Figure 12 ‘
: . ¥
The maximum deviation, 1.6.y o
N max, is obtained from B N Y
% 0 +o ’Lma&= Zarc-l-an r- ; 'a\<\\\>\~
Diagram 4

¥aximum Error as a F\motion»of Mismatching

. _x
TGS [m tan - E]

‘SaB-C-R-E-T
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Sinee R =:R£e, we ean actually also use m as the matching. Naturally, we
must take into considez:atien that the ‘instrument leads are lengthened to the
-point that R, is real. and a: minimume . ‘I’hat does not influence the considera-

~f_: tione in the’ leaet, and for that reason we may write

Imael” lz“"““ﬁfj_.v‘ _Izia - o ': (7J7)

‘ _-It sLeuld again be stressed thatk Equation 7 .57.:i8. ve.l:.d only for m-—»l. It _
. i, thereforey M) .4 e.mount of, .the’ ma.ximum angle of error that oceurs-
... between theé actual and. the erroneous ‘sonde pos:Ltion ‘in matching to the inetru-
" ‘ment leadeo Consequently, it is’ expresaed as i ..

(. 37a)

In’ Dia.gram 45 —f‘“ is represented as a functlon of } If we accept that,
‘mateh‘.[ng amounts to m ="0s 85. .;rmally tha.t is a- quallty that requires no, .
'3 rther explanation, ;;,It‘o,‘ms, yeiT =.4.15 103, - The wavelengtha
v aFe” X = 10 centimetérs,’ i VAIL g0 AL m,,;, ‘= 0% 415. mlllimetereo This is an error
: 'shat ehould, under nei‘-t .pcumate,nces, be a.llowedo : -

C SRS
- ?Lma.x .—.’_iTA-‘{ma,x R

L - i 5. : // E
It must‘-therefore:be Y \v\i"y..cat ully’ matched, e.nd one: should take the
98, .. Of .course, .another restriction ocours here.

- The frequency of the gen rator may: change. .only:very.little; otherwise, the

‘ e,d;justed match pvssxbl s 1onger exists during the specific pha.se measurementa
: { 8. The Arrangement of,f.h' Test Ste.ticm° ,_i__;!‘ ‘ o ”’: )

S T

O ’l'he entire insts.lla.tion is’ out in the open., It is e,rra.nged according to
- - 'the prineiple shown in Figure 2o ‘In Figure 13 it may be seen that the two
. antennas” (horn emitter) stand- on a";paved foundation 10 meters long and two
metere widea . A S . . ) :

Figuz;.é 13 e

'The a.uxiliary antenna is. fixed on a tripod; the antenne. that is' to be. tested ..
is ‘on a stand; which allows it to be rotated and translated. It stands about’.
; e5 metere above the gromd. In order to hinder the ground reflection, the 5
mounds of sand and mud mentiomed 4n Chapter 5 are taken into consideration,

117 the meaauringdmstruments, generators, amplifier, etcs ‘are in avehicle,

“ which is set up ‘et the ‘top of the measuring sections With the exception of
“the, power-supply eable, all ‘the-eoaxial- cables. that are not’ underground are
'fthermally insulated in order- to~ eque.lize faet therma.l varlationSo : o

The cireuit arrangement of. the testing gt ‘

et ;ehown completely in Fig-
~ ure; Mm From that it may be seen that a, sect m, '

the eonde cable consists

P

2 14,
e

.
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Figure 14

TH—8551T¢

\

of & tubular conductor. This measure had to be taken, because otherwise the
sonde voltage is too low. Even if a certain equalization is possible by in-
serting an attenuator pad in the antenna cable, the attenuation still cannot
be raised high enough to induce the uniformity of the two compensating volt-
ages, because then the balancing sharpness suffers & great deal, A laminated
core transformer was inserged in order tovadjust & satisfactory matching to
the instrument leads,
b

The signal is & result of the increase in sensitivity by means of mix reé-
‘ception, Harmonic wave mixing is generally the result. The accompanying
intermediate-frequency amplifier (60 megacycles) gives its demodulated signal
to & small-band (band width 2250 cps) one-kiiocycle 4mplifier, so that only
the 1000-cps ground wave is filtered out:of the sQuare-wa.ve modulated carrier
oseillation with a frequency 6f fgs In this way the' signal is removed from
the noise, that is, additional sensitivity is reached, The modulation fre-
quency of éne kﬁ.locycle is very favorable, ‘in that all 50-cycle hum effects
or hum loops oan be suppresaed to a minimum by skilifully mounted SuUppressors.
The tiue signal 4s then given on an oscillograph, which is best siited for
monitoring, and a microvoltmeter (red and bla.ek) in: erder to obtain a plam
signal of the minima, , ;

The testd.ng sta.ti; 1s set up for a frequency ra.nge of 4 3 to 2.5 giga-r
cycles, ioe., & wavel h range of seven to 12 centimeters. The frequencies !
are given by the’ tubu r donduotor,_ Amplifica.tion is alwa.ys possible irn both
directions as seon a8 ‘suilable cables are available, ‘'The coaxial’ cablea ‘have
e impeda.nee of 70 ohms (1arge cross section, 5/16), and they ’
are servioeabie W ‘to'a wavelength of apprcximately 4.5 centimeters without
restriction. Of ¢ ourse, & test mst be made 4o determine whether the c&‘blu
attenuation ds not too high“emd, if nv_ oaapry, put more tubnla.r cand et'” i
into service. - e o : A ‘ ! ) : .

| S-E-C-R-E-T
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8.1 The Wiring of the Testing Station () = 7 to 12 Centimeters).

As mentioned, the ‘:hest‘::‘mg station vjaa‘ ériginally installed fon this range
because enough tubular conductors with a cross seetion of 72 by 34 millime-
ters were availables o : : :

Table 8,1 . Table 8,2
'}o 'XH/ JL ‘ X A ii 4 T : ’>\ -
o | | T | e e on ({Capopoa | < KW
12 (181 | 6.5 |#1.28m 12 |1.509 123" | 14.78
11 [1.555 | 4.54 |18.22'm 11 |1.189 97 | 10.68°
10 1.390- | 8.46 16,%36'm ) . 10 09966 79 To9
9 ‘1&’28‘0 90,19 15,05 m : 9 0,800 _ 65»5 5.86
8 1.207 9.75 13,95 m 8 0,666 . 5204 4+18
7 10143 1005 15048 m 7 00557 ! 4505‘ }6‘18

D T R VU LT
Sy (w1 e “aimn = S |
" Because of the dielectries involved, the coaxial cables are ahout 1/0.66

- longer electrically than geometrically. The tubular conductor, o the other

hand; is shorter by the factor ?Yf’/ﬂu..:«.".l’able 1 shows the function of the elec~
trical length on the wavelength X,. ;The factor K, which must have a apecific
magnitude as a c¢onsequence of the thedretical investigations, in order to
realizé a minimum frequency dependencq of the testingstation, i8 presented
in Table 2, “Sin¢e the tubular conduefor. appears tp be so short, it is sig-
fifiéant to Propose K - A t6 this aspeet.. The final lengths may again be
found in Table 1. The leénghhs given jn Figure 15 are all measured according
to Equation 4.3, in which, of course, j‘f-ln = 0or 22, The valugs indicated in
Figure 15 hold true for a testing distence of eiéﬁt meters, In order to use
as few auxiliary eables as possible, no determining value was placed on abso-
lute uniformity. The remaining 'diffepences of fewer wavelengths are to be
settled insofar as.is redlly nedessary. Experience has shown that the quoted
values (Figure 14) are ¢ompletely sufficient, If, nevertheless, too great an
instability of the matching point ski{ogld' be observed as a fumction of the fre-
quency, then an attempt must be made #o place the emitters closer together or
farther apart, ' E ‘ '

A1l the cables at the testing stagion consisted of the following: :
19 = 1,85 meters, 13 = 1.85 + 0,95 + 1,95 meters.
13 = 0,95 meters. 14 = 12,7 metérs,

for ),_.,= 12 centimeters. In changing to 2, = 11 centimeters, only 1 and 1,
‘were exchanged. In connection with X, = 10 centimeters, both 17 + 1, = 2.8
meters are connected and power is imm%dia,tely gupplied to the antenna., The
intermediate sections having & length'of 1.2 and 0.37 meters are available as
extras, : : : '

411 the cables are painted white in order to make them distinguishable
from the others on eithex side, The, 12,7-meter-long cable is buried in the
ground ih places. The cables that arq in the air are completely insulated
thermally. Absolute care must be takeén that the insulations are dlways in
perfect condition. ' e Lo o .

The tubular eonductor is complefely underground.

S~E~C~R-E~T
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Figure 15
. L 1 b
o duq - i X T
./ ' A L :
5 A c%n-‘? é ﬁ mz.
12 1.85 112 0.95
11 0.95 . 1 .85 -
10 o . 10 2.80
9 o© 9 2.80 :
8 o 8 .2.80 - R
s8m T (3} e ‘ T 2;80 Eﬁ : . 7."7>
1 l‘g, .&t - _’\_9, Lo
em m & m 1T
R 12 12.7 12 1.85 + 0.95 - T noe
e 11°1.85% 0.95 o [+t
- 10 12.7+ 0.37 . 110 1.25 +~g.9; _ Jz Lot
e 9 l2.7 V9 1.85 + 0,95 + 0.37
o Kere | 8 . 12.7 8 1.85+ 0.95 + 1.20_* Z gpall
T 12.7 T 1.85 + 0.95 + 1.20
Measuring efficiency + 0.37
o ) Sonde
8.2 Testing.the Testingc

and the Matehing Position Changgsb,‘ ‘ : v i ;

Ir one of the two antennas is moved, the matching point must mgve by. the
same amount on the instrument leads (coaxial). The topic wgs treated in de-
tail in Chapter 7, where it was shown that this was not the case w‘{qen the
instrument was mismatched on the input side, Two: examples should ‘Show how
matchings of .= 0.95 and m 7 0,99 work out, An absolute matchin of the B
error maxima between the calculation and the expenment sheqld not“‘be expected,
because, ‘of eourse, the solution of Equation T.35 ia ‘valid qnly if it is assumed
that m --,1, .

The functions Od = +(a\are plotted in D!.a.gram 5o - The qvaluat:l,on muat be
carried out in such a way that Ad, . is determined from . the symmet:yical line.
In this way we obtain the following: : ‘

m=0495 Adwat A | gagiqgm3 M =04 Mmay 03 403 (g)
L lo R 420 . Ao 120 - T R

From the approximate solution (Dﬁ.as'ram 4)9 the following s pbtaizied:

- 0.5 - Ad : oqqad . (8a)
"7 & vf;—'“%"—l'=4’.4qo'° '_’-m ;-—7:—— 08103’ , (1)

di.e.y considerably smaller values. “From this it may again he deduced that a
satisfactory matching must bYe producéd. The gpod matching Qhat was once Obi-
tadhed is, naturally, valid for one :frequency’ and for that pedson it is of

the utmost importanee to use &’ genera.tor that has B high frequeney stabﬂity.

S~E-C-R-E-T
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8.3, Instruments Used (aqe F‘iguré 14).

1. A klystron calibrating-transmitter test oscillator, manufactured by
Siemens, was used as the transmitter generator (fs)o Wavelength changes dn
connection with A = 120 millimeters can be determined in the course of sev-
eral hours between X = 119,7 and 121 millimeters. The stgbility (=~ 10~2)
is obviously sufficient because serious difficulties canno} be determined.
It seems significant to allow the generator to run for aboyt a half hour to
an hour. If the occasion should arise, improvements can be obtained with a

| magnetic stabilizer, : S .

| 2, The coaxial instrument leads were designed by Rafena. In additdon,
an aperiodic sonde connection was used (made at the plant)s Low variations
| in intensity that appear during the measurements -- e.g., on the basis of the
radiation diagram -~ can be corrected without any difficulty by changing the
sonde depth. The position of the matching point is not at all or not notice-
ably influenced by this. :
In order to test the matehing, the standard keying head was used, the
mixer (receiver) was off, and the tradsmitter was turned on with the fg fre-
quency. After being set on.m = 1 with the help of the disk compensator --
other transformers are slso applicable -~ the trensmitter may no longer be
changed, or the matching cannot .be correct by a frequency variation,

| 3. A triode generator was used for a superheterodyne qenerator of the
| I, frequeney ( A= 9 to 16 centimeters or 18 to 33 cent:imet_ers)o In order to
| increase the frequency stability, it was operated over a magnetic voltage
stabilizer,
4. The receiver and the 60-megacycle amplifier and the one-kilocycle am-
plifier are alliconstruction elements that represent test designs or models
that were developed.

There is nothing partioularly noteworthy about the other jnstruments. It
appears suitable to operate the one-kilocycle amplifier also gver a voltage.
stabilizer,

9., Evaluation of Test Results.

Measurements at X\ = 12 and 8 centimeters were carried ouf on a horn
emitter, While s plotted in connection with the larger wgvelength (see
Chapter 3), with only eight centimeters: the faster testing method with Ad ¥4,y
could be used, The third evaluation method, with regard to cqnstant c (see
Equation 3.12), was used as a comparison’in both cases. In order to avoid
continuous description of the individual methods, they are simply numbered,
naturally in the sequence in which they were mentioned. Evaluyation accord-
ing to Equation 2.3 and the accompanying test method, i.e., the plotting of
% (q9)s is designated I. The second method;, in which Equation 3.6 is used,
is %gxarefore designated II. The evaluation of constant ¢ may be accomplished
in both cases, as we know; therefore C I and C II designate the evaluation
method,

For * = 12 centimeters, therefore, begin with method I and take Diagram
6 into consideration, There are four cyrves to measure, which' were measured
without any change in the test set-up. . It therefore required peveral hours
before all the values from the four curves could be measured. From the devi- ~
ation in the test values, it is obvious that long-duration effgcts are present.
The sequence of the numerals corresponds to the survey sequence, so that one
must suppose that the temperature changes during the morning a.pd afternoon are

S=E=C-R-E-T
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,mutually sub,]ect to the posit:.on of the reurves. Beyond that, the curves are

also not’ cenment, ebvioualy, because of. the relatively long measuring time
o even for only ong curve, “In. additdion, short-durdtion effects are to be’ AT
Tl picked out beca.use the mes,surin po nts are. not all on the curves

The evaluation is made as descr bed . in Chapter 5, with “the aid of, Figure

I .. .3, Table 9,1 contains. the old q vgfluqs which were calculatéd acoording to .

A and II- from the eurves: in Diagrem 6% . In this eon.nection ‘it should also be.
Leroi T noted tha.t ‘values Y, and iy, reprsaent round values, which ‘actually do ot
‘yield any whole numbers when the angle.is -determined according to Equatien
3,7+ In the ealculation, of course;- this mgt be taken into considerafion,

- because the-angle error, espeeially, plays &.large part in ‘the final result.

d Nevertheless, for comparisan a review euch as tha.t in Table 9.1 is suffioient,

~ Table 9.1 ; i
Ang e, T ~ Curve - * Equivalent. QI /mm oo "‘».\
¥ o w 1| 2. 3. 4 engle ¢° value o N
© | -7 | 1045 | .1045 1008 | 1032 71 1038.75 s
o | 9 | 1039|1060 | 1029 | 1050 9 104445 ;
0 |11 |1040 | 2058 | 1058 | 1050 1 1051.5
o |13 |1061 | 1093 | 1042 | 1056 13 11063.0
0 |15 | 1058 | 1053 | 1049 - |-1058 | 15 105445
7 9 |io71 | 1088 | 1065 |1076 | 5.64 . | 1075.0
7 |11 | 1060 | 1069 | 1059 | 1064 *| 85 - | 1063.0
7. |13 | 1069 | 1079 | 1056 |1064 |- 10,96 1064:75
/ 7 |15 |1052 | 105§ | 1060 - | 1061 13,21 | 1057.75
.9 |11 |1052 | 1052\ |1051 | 1055 6032 10525
9 |13 | 1065 | 1080 ' | 1056 | 1061 9.38 1105545
9 |15 [1050 | 1050 '|1061 | 1060 11495, 1055, 25
11 |13 1080 |1080 |1055 |1068 649 1070.75
1 |15 |1059 |1050 |1062 |1060 [ 10,13 1057.75
{13 |15 [1020. | 2028 |1068 |1057 7436 104325

. The table begins with angles from T9; because an- evaluation among them;: on
" the basis of the error calculation, is senseless from the beginning. The
smallest @ value is 1008 millimeters, the largest 1093 millimeters; there-
. . fore there is a spread range of 85 millimeters over all 6Q resultss It is
. noteworthy that both values are in the first group ("P»f ='0)s The dispersion
.. . in- the other groups, taken all together, is enly 68 millimeters. For this
C e ‘reason alone, a- higher accuracy is attributed to method I7, slthough an eval-
" " . uation such as that is permitted only to a limited extent" by the testing
method used here, Measurements for M = eight eentimeters were made exclu-.
sively aecording to method IT. We will d:.scuss this furt}ger, later on.

Co -The last eolumn of the table contains the arithmetica.l mean: value of A
. ‘that balongs to each line, From' an analysis of the errors (see Diagram. 1),
it is possihie to make a selection from the 15:mean. valueq in a signifieans
maner and t0 eénsider the mean value as the.final results - _Accordingly, all
“the values'that wére measured with: 9> 10, degrees are ‘cake;x into conszldera-
'tieno 'l‘hese are saven values from ’l‘a‘blm 901, which again siehver a mea.n
valne of .

]

‘? = 1057@8 millimeters +. 6525 millimeters

g " 16430 millimeters : A(egz?

';j;.cnuv B !/

| S-B-C-R-B-T
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with the indieated seatter deviations. . Table 9.2 was compiled in order to
-obtain a general view of the value for A ¢ that originated from the €rror
ealculation from which, first of all, F, F2, -and F3 result, and, finally,
the individual error mflueneea.,
' Tgbie 942
Error Factors S ekl __Error Values .
ok FE,+ . Fp~ . F ~dR=84. T iy Q@
w° Ya 4?' _142‘ % Fsa '2-'5 ,1:-“{’ 'mri mm +mm .ginm VrSm + mm—
o 7 7 1:0 0,102 1.65 - 0.014 102 25 .. =~ 0.42 36 -
0 9 9 1.7 0.060 0.80 - . 0.0t b.0 204 - 0.42 27 -
0 11 11 2,5 0.040 0,40 - 0.014 4.0 ~15.2 - 0.42 20 -
0 13 13 3.5 0,026 0,20 - 0.015 2,6 "10.6. . - 0.45 14 -~
0 15 15 4.7 0,018 €.18 -~ 0,015 1.8 12,8 - S 0.45 13 -
7 9 5464 .1106 0,142 8,46 1,050 0,030 14.2 128¢5 15,90 0,90 143 30
7 11 8,50 1.5 0.068 1.71 0.374 0.015 6.8 39.0 8.54 0.45 47 16
7 13 10.96 2.5 0,040 0,73 0.140 0.014 4.0 27.8 5.34 0.42 32 10
7 15 13,21 4.0 0,025 0.50 0.180" 0.018 2;5 30.3 10.90 0.54 34 15
9 11 6,32 1.0 0,122 60210 0,621 ‘0.0_20 12,2 24,9 9.43 0:60 107 22
9 13 9,38 2,0 0,055 1.405 0.246 0.017 5.5 42,6 7450 0.51 49 14
9 15 11.95 3.0 0.035 0,700~ 0s170 Q.,QM' 3.5 ¢ 31. 7,,74 “0.42 36 12
11 13 6,90 1.0 0.104 6.050 ‘0.490 0,015 10:4 9L.6 T.44 0.45 102 18
11 15 10.13 2,0 0,049 1.535 00267 0.013 4.9 46 6. 8,10.0.39 52 13

13 15  7.36 1.2 0,090 3.045 0.405 0.018 9.0 555 7.36 0.54 65 17
. Error: Ad b on 3(ad)= O dmm Aq) ".-—.‘(:)f"]o AR = 30 :,'mrn 5'

PER I

x- Balange spot on the
instrument lead.

. 12 centineters.
R = 8716 millimeters.

6
o
€ e [ * -4 §. -1 -6
Yo e -~
- SeE-C-R-EeT .0o..i.7
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; : ‘The ratios R or T are round numeriesl va,lues which result from Dia-
gram 6+ - Plus and minus. ‘signs mean that qu,' and Jy,'are sometimes equal
‘_ and some’eimes unequals Aeeordmgly, the error por'biens alao drop oute
Diagrani 7
/000 4
¢ w
e o]
T % ;
wl
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40 il
2 ..
L e
e
"1 _ :
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E Disgram 8
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From the values for" AQ we can see th&t method I aetually hardly eauses
a signifiéant reduction in the errors. In addition, ‘4% is again as large
(assuming it is the i value) as the éurrent value which ean be determined
from qo, It is very important to recognize, however, that the same eounted
seven values produce the smallest values for AQ . From this we can con-
clude that measurements below Y = 10 degrees 3re hardly of any practieal
interest; and one knows more exactly whether 4 or&d is sma].ler, because
the F2 value is not really very high in connec—ﬁon wiﬁa LY)'(

Another method of understanding which value @ is the most probabdble to
take consists inyplotting, Sﬁitamy caieulated q values over the equivalent
angle ¢ . This took plaee in” Diagra.m 7, It is very easy to see there that
with small angles the distributlon of the value is extra.ordina.rily high and
that it decreases after larger angleso The 'following may be concluded from
that representation: ;

© = 1054 + 4 millimeters. ‘ (8.3)

This representation shows especially well the outside 1093 millimeters at 13
degrees, which, of course, can play an“essential part in the result by a
simple method.

We would now like to proceed to method III. Diagram 8 was'completed for
that purposes. Therefore, d or Ad (on the basis of II) is plotted over 9.

. If a curve is drawn through the cluster of dots, then ¢ can be determined.
Table 9.3 shows the result. A relatively good agreement of the & value is
obtained. Its average value is ¢ = 1195.6 millimeters + 6.4 millimeters

= 5.6 millimeters,

Table 9.3 T Aggording to Equation 3.12 with
—t— :R = 8716 millimeters, we obtain
oin?g] d or c Q= 1050,5 + 5 millimeters
L 10-31Ad m | m - 403 millimeters.

: It was noticed that the results
6 2,745 6,60 | 1.202 for @ displayed 4 decreasing ten-
8 4,879 | 11460 | 1,190 ' dency. It is, however, just as

10 7.625 | 18,20 | 1.193 noteworthy that (see Table 9.3)

12 10,916 | 26,00 | 1,190 the W, = 00 groupiin actual num-

14 [14.810 | 35.40 | 1.193 bers is about 103 millimeters and

comes under that, while the other

‘ ' ‘groups, up to the last, produce
greater values. That means, also, that it is not easy to decide which of the
¢ velues caleulg,ted is probably correct. It is obvious for

(i) = 1654 * 4 mlllimepez‘a . S A o (804)~

to be given as fm,a.l, beea.use it is exactly in the middle, but even &t that
it is not 100 percent certain.

The interval of the center of the radiation from the aperture is now very
eagily calculated, The interval of the aperture point of rotation is 1086
millimeters, i.e., the center is about 32 millimeters + 4 millimeters behind -
the a.perture,, We would like to call distance a:

a = 32 + 4 millimeters, for X = 12 centimeters. (8.5)
Now we turn to the test relu‘xlts for X = eight eentimeterso _ As already

pointed out, only method II was used, and it required about 15 te 20 minutes
to conduct the testso"‘ Ta.ble 9,4 shows the resqitso

*%sfzfc;nts-w 3

i
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Table 9.4 S Table 9

5 :
: % 3 _f?/mm

P2 l¢'} ;1mm"

e [ ] e |

9.95( 8.65| 13.88 | 1.545] 1071
14.95[ 14.10 gg,egg 4,020 {1055
86,92 | T

X

- 5 | 129.08| 4.95
+. 4.9 :
10 | 115.20| 9.95.|
+ 909 S
=15 | 93.00|14.95 |
+.14.9 I

fe 200 | 62,16 19,95 1. T
+ 19,953 .. ) ‘:‘ = 8991 millimeters .

19:»:95 39 50 1050

14.95| 17,38 22'20_&50472 045 .|
19.95| 17,20 53@ 40} 5.905 | 1045 .| -

19.,-95 13.25 5ooq4' 3.438 | 1046,

i T g '8, egntmeters
From these four- tes‘o values, six results y
theén .to be subjeeted %o more detalled'mvestiga.tiono
together are ‘compiled in Tavle 9.5 The- sameaxtendqﬁ
v-&hich was" alread;g charactenzed for me:bhed II'in eonn ¢
: cgntimeterso ‘The values fr?m the’ tep moye~t eward“'the prébe,bly rreet Ve
ot approximately 1046 millimeterso Here' large equivalerx‘b angl, bs . were a,lf yS
used in order to keep the errqr small from the.. begummg’a; In addition,f thgg
“method requires little 'sesﬁxxg_time, so“that long dqra’tion’ -effects - ma«y/’be i
considered connected. Neverthsless, we- would again like-to- look at the:
error table; Table 9.6, in w it is shown that only the latﬁer of both .
the first groups and the latter result are eonsiderqd in ‘the tmal relu}t.’
The following is obtained ag'a mean value of these thrée values, ;

TN

" Table 9.6 :
Ervor Share

o Ad + P -y | R A | A9
(p " mwm mm mm m m +\'mm Cemm .
8465 | 64800 | 37,50 | 12.50.| 0.4300. |.46s5 | 20:0
14,10 | 2,580 | 18,55 | 9029 | 004150 | 22.0.| 12,6
19,30 | 10388 | 1232 | 7035 | 04105 | 14.4'| 9,4 | .

11,18 | 40150 | 36.90 |. 7.29 | 0,4040 | 41.4 | 12.0
| 17020 | 15740 | 18:45%f 6.05 | 0.4060 | 20.7 | 8.0

,1_3555 3,000 37;:00 5516 | 0.4090 | 40.4 8.5

" For evaluation by method II; there is,zasingted: :above, obnlyesusinglées

- geries of significant measurements. No diagram similar to Diagram 8 ¢an be -
evaluated here, Othernse, ——A‘——— = ¢ ean be caleulated ‘from the measurement
values in Table’ 9.5 and the va!l.ues in Table 9.7 can be reached. If all the

¢ values are ealculated together in the same way, ~gince the ¢ numbers are
the same for small as for large angles, the arithemtic mean value obtained is -

-

, 33316'997. o .
o BEF| . 5,70 | 1192 N e= L%;as meters ¥ 15 millimgtere
M11 18| 9:54 | 1,165 B . % 19 millingters
13,25 | 13,22 1,166 afd rrom this we obtaln the gollwwing with
14,10 | 15,05 | 15200 : ﬁ@ﬁations 3.12 and: 3,153 t
[17-2 | 22.35 | 1.196 o '
29037 28405 | 1a392| 1 ¢ Yo L1049 % 13 p;ll;meteps
. . N j ) ‘! .

_S-ErC-ReEui
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£ ‘ . - N
From this result; it is possiblé to see that a simple test series is in ne
way adequate for method III in order to be abie to reach a roasone.ble eon-
clusion, . . .

Neverthéless, we can detemine in the end tb.at the radiation center ds
moved toward the inside of the hoin’ bmitter when the wavelength decreases
or when the fréqueéncy increases, This 4s & tendency that was expected. The
fluctuation between A = 12 éentimeters. and A = 8 centimdters amounted to
six to eight millimeters, The center of ra.diation, therefore, was about 25
millimeters behind the aperture. : In.additdon, it is maintamed that it ds
advisable to conduct these measurements: with 8 great deal of pa.tisnce be~
cause this’ process is extremely ausceptible to errors (see also the results
in reference % )8, a.nd the author waa not ablp to fmd a. better methodu

M kY N
'4-_, R + R B Vi

1o

10. Operating Instructlonao

From the subject trea.ted in the previous ehapter, a type’ of measuring
program may be compiled in. crder to permit a8’ satﬁ.stactory as: possible an
operation. ' . - .

1. A paved area on which to, set up thé antenna. ‘s necessa.ry .The auxiliary
antenna is mounted on a tripod. . The’ e.n%enné. to be tested is mounted on
‘& mast, (?) , ,

2. The truck with the testing instruments should not be para.llel to the
test range; but at the top p.‘mh&ed for it, in order, ite the greatess
extent possible, to prevent damaging reflections from the truck. The
measuring station should be so arranged that a side road can be used for
parking the truck.

3. The cables must all be provided with thermal insulation and measured 4n
e.ccorda'.nce with the data presented in Chapter 8, Figure 15, When neces-
sary, corrections should also be made only in accordance with the speci~

fications given in Chapter 8 or perhaps in Chapter 4. (In this connec~
tion, see also Chapter 6;)

4. Adjust the desired frequency. The frequency is produced by a generator
with a high-frequency constant. With this frequency, the matching on the
antenna side can be controlled by the instrument leads. By means of a -
disk compensator, it dis possible to adjust the matching to m > 0,98 {max-
imum of m = 1)s Thereafter the generator is again to be connected with
the power cable, .

5« Mount the aperiodic connection on the instrument leads, The _precision
instrument leads by Rafena were used, The sonde is to be disregarded in
the calculation (loome connection!) and the oscillator frequency, ‘f., is
to be regulated so that the maximum voltage is indicated on the mdgcatn-
ing instrument or on the oscillograph, .If necessary, the modulation
frequency is also.to be adjusted .on the test generator in order that ex-
actly 1000 cps are produced. . 'The sondes are now alowly screwed«m, and

thus the test slits are slowly moved, - The sonde and the ‘test slits must

be adjusted in such a way that it 48 possible to compensate the 1000 cps
voltage completelye

6o The” frequency of the test geperator, iae.,, "fgy changes slightly but def-
initely. This happens the ‘best in kiystron| generators throiigh changing
the reflector voltageo -The' compensations then will' havé' 6. be' correeted
only at fo ¥ A¥5, If & change, in’ location is connected’ with the dora
rection, then a recheck must be made. to determine’ whether other mart:ch:lng

S=E~-C~R-E=T
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points have a slight location-frequency function, which is n )\, abeve or-
belows Inder certain circumstances; smaller changes in interval R or'r
must be -made. It could also happen .that the sonde adjustment must be
changed with each frequency’ ehange in’ order to obtain a zero balance,
- S 'Moreover, a check is to be made; to determine whether a sonde depth
; .~ change eauses a change in position. . Generally this is not the case, but
nevertheless a check is always recommended.  The sonde should not go too
far into the instrument lead; otherwise disturba.nces and false. teaﬁ ré-
. sults can be expectedo A et R

To Again adjust the desired frequency, fg, in order that the match origin-

: -ally produced is again present. LIt is recommended that the matehing be
S -éontrolled, It is more imperta.nt to have, perfect matching than an ab- .
.. Solutely independent frequency matchmg pomto .The'latter, in, principle,
' is hardly attainable, R o o T

8., Recheck the linearity between test a.ntenna, dlsplacement and matching
"~ referénce shifting. Nevertheless, ‘an: attempt is to ‘be made to install
the antennas one on top of the other as’ carefully as possible (note 9,
below), In order to make ithe recheck, it is necessary to move the test
~-antenna at least a half wavelength ‘at an interval of approximately
_ and to pursue the matehing point. ,'The ‘evaluation of this control tess
i C is conducted according to the model in.Chapter 8, Diagram 5.

9. The test antenna is adjusted to, for example, +10 degrees, the matching
value is fixed, the antenna is deflected =10 degrees and adjusted in -
such a way that it is again matched (method II), A # 110 degree angle
results beeause, to. begm with, the center of radiation is not on the.
conneeting liné point of rotation-¢enter of radiation of the auxiliary

. _antenha, By means of .this test we can detemine how much the antenna

o % rmust §till be ‘moved ifi order to obtain approximately the same angle en

f ‘ - both sides, The arrangement of the aseembly allows an additional de-~

P flection of thé antenna by several degreesa The remainmg deflection

P shéuld not exceed oné degree, if pessible,

1 10, A‘fter these preparstions are made, the real measurements can begin. The
PR .. fastest tegting method is as follows: adjust the test antenna to an
b o - angle of +~ \P s fix the matching pos:.tion, deflect the test antenna. to
i the other ‘side, and note the -y, angle,: ‘vith which matching is again
: accomplished,v Repeat this process with various angles. It is suggested'
that the largest p 's" ible angle and a.ngle ‘differences be used, e.g., 10,
. . 15, and 20, degrees, as far as the radiation diagram permits, That is,
L ‘with these angles, to begin with, there are no phase changes with which
L to contend, and secondly the semnsitivity of the measurement is still
high enough, on the basis of the diagram. Naturally, a complete diagram
d (y) may be taken inte consideration, only care must be taken that
) durm this relatively long period (and considering several such dia- .
_gra.ms§ the temperature does not change toe mich (long-duration stability).‘-'

11, The evaluation of the test values is best accomphs}vxed by presenting the
results of ¢ () as shown in Diagram 7 and estimating the most probable
value; In addition, an evaluation of method III can be conducted, i.e.,
determination of c (see, for example, Table 9s 3 in connection with the

. ad joining text’ 3 whieh preduces the most relatlvely fast and fairly eer-
: tain results, -The measurements are to be made very carefully,’ especially’
the y measurements, because these errors have the greatest influence en
the overall error. The measurements are to be repeated as ‘eontrols for

- various intervals of peints of rotation aperture planes,

5-E-C-R-E-T

e~ ks

Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80T00246A026801780001-8



[y} 1.
Declassified in Part - Sanitized Copy Approved for Release 2014/03/04 : CIA-RDP80T00246A026801780001-8

P R R T TIPS

50X1-HUM

S-E=-C-R-B-T

- 37~

12, It seems practical to control the temperature on sunny days and to re=
check the test position in about one hour in respect to the function of
temperature, Great cable position changes are to be avoided during the
test. The pieces of cable that are moved on the test antenna and on
the sonde connections are to: ‘be. -placed in such a way that they have the
largest possible bend radiuso Au the other cables are’ to be. 50 placed
that they ‘'will not be moved. too’ nmch by ‘the winds -Cabler cofinections
are especially to be kept free of, tension and other leads (bendmg),
The mechanical stability of the’ currently ‘available installation (test :
énterina assembly arrangements) is not adegiiate in a strong wind, It is,
thérefore, important that the’ qus.etest possible days be: selected for
the tQStSa .

11, Summago

A1l sourees of errer which ma.y appear m connection with phaae measure~
ments are reviewed in detail . and’. discussed in the 1ight of test results.
It was shown how, by an exact’ error analysis, \we .can ‘work up- ‘the ‘most prob-
dble test result to a few pars per mille. The constructien of the phase
testing station is discussed and, at the end, detailed instructions are

given in summary. -
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